Preliminary Study on the Secondary Metabolites from Three Actinomycetes by 吴兆贤
学校编码：10384                    分类号      密级       
学    号：200426045                UDC                  
 
 
厦 门 大 学 
硕 士 学 位 论 文 
 
三株放线菌次级代谢产物的初步研究 
Preliminary Study on the Secondary Metabolites 




指导教师姓名：       沈月毛 教授 
申请学位级别：       硕  士    
专 业  名 称：       微生物学  
论文提交日期：       2007-6-8  
论文答辩日期：       2007-7-10 
学位授予单位：       厦门大学  
学位授予日期：        
       
答辩委员会主席：宋思扬 教授 
                     评    阅    人： 
 









































  1、保密（ ），在   年解密后适用本授权书。 




作者签名：      日期：  年 月 日 























摘  要..............................................................3 
Abstract ............................................................1 
第一章   前 言......................................................1 
1.1 研究背景.............................................................................................................................1 
1.2 土壤放线菌次级代谢产物研究概况 ................................................................................5 
1.2.1 土壤放线菌的分离 ................................................................................................5 
1.2.2 土壤链霉菌的次级代谢产物的研究概况 ............................................................6 
1.2.2.1 抗菌活性物质 ....................................................................................................6 
1.2.2.3 其他活性物质 ..................................................................................................10 
1.3 植物内(共)生菌次级代谢产物研究概况 ......................................................................10 
1.3.1 植物内(共)生菌与植物共生关系 ......................................................................10 
1.3.2 植物内生菌的次级代谢产物研究概况 ..............................................................11 
1.3.2.1 植物内生菌次级代谢产物的多样性...............................................................11 
1.3.2.2 抗菌活性物质 ..................................................................................................12 
1.3.2.3 抗肿瘤活性化合物...........................................................................................13 
1.3.2.4 其他活性化合物...............................................................................................14 
1.3.3 美登木素类化合物的研究概况 ..........................................................................15 
1.4 本课题研究的目的、意义..............................................................................................17 






2.3.1 滑桃树内生放线菌的分离及初步的抗菌活性 ...................................................26 
2.3.2 滑桃树内生放线菌 A2 的鉴定 ...........................................................................27 
2.3.3 滑桃树内生放线菌 Streptomyces sp. A2 次级代谢产物的研究....................28 
2.3.3.1 Streptomyces sp. A2 的小量发酵与分离 ......................................................28 
2.3.3.2 Streptomyces sp. A2 的大量发酵与分离 ......................................................31 
2.3.3.3 化合物结构解析...............................................................................................39 
2.3.4 滑桃树内生放线菌 streptomyces sp. A2 与植物愈伤组织的共培养 .................42 
2.3.5 滑桃树种子化学成分对滑桃树内生放线菌抗菌活性的影响 ..........................43 
2.4 本章小结..........................................................................................................................45 
第三章 链霉菌Streptomyces sp. XM201和产南昌霉素吸水链霉菌突变体△M的
次级代谢产物的研究.................................................47 



















3.3.1 链霉菌 Streptomyces sp. XM201 的 YEME 固体发酵与分离纯化与结构解析
.........................................................................................................................................49 
3.3.1.1 分离纯化 ..........................................................................................................49 
3.3.1.2 结构解析 ..........................................................................................................52 
3.3.2 pJTU813/△asm25 突变株 YEME 液体发酵产物的分离纯化与结构测定...61 
3.3.2.1 分离纯化 ..........................................................................................................61 
3.3.2.2 结构解析 ..........................................................................................................63 
3.3.3 聚醚类化合物的生物活性研究 ..........................................................................65 
3.3.4 产南昌霉素吸水链霉菌突变体△M 发酵产物的分离纯化与结构测定 ..........69 
3.3.4.1 分离纯化 ...........................................................................................................69 
3.3.4.2 结构解析 ..........................................................................................................71 
3.5  本章小结........................................................................................................................73 
3.5.1 不同培养基及不同培养方式对菌株次级代谢产物的产量及成分的影响 ......73 
3.5.2 Geldanamycin 类化合物的一些研究概况........................................................74 
3.5.3 聚醚类化合物作用机理，研究现状 ..................................................................75 
参 考 文 献........................................................79 
常 用 英 文 缩 写..................................................90 




















1.1  Background………………………………………………………………… 1
1.2  Review of’ secondary metabolites from soil actinomycetes…………… 5
1.2.1  Isolation of soil steptomyces…………………………………………… 5
1.2.2  Review of secondary metabolites from soil streptomyces. ………… 6
1.2.2.1  Compounds of antibiotics…………………………………………….. 6
1.2.2.2  Compounds of antitumor……………………………………………… 8
1.2.2.3  Other compounds……………………………………………………… 10
1.3  Review of secondary metabolites from endophytes……………………. 10
1.3.1 Symbiosis of plants and microbes……………………………………….. 10
1.3.2  Review of secondary metabolites from endophytes…………………. 11
1.3.2.1 Variety of secondary metabolites from endophytes…………………. 11
1.3.2.2  Antibiotics compounds……………………………………………….. 12
1.3.2.3  Antitumor compounds………………………………………………… 13
1.3.2.4  Other compounds……………………………………………………… 14
1.3.3  Review of maytansinoids……………………………………………….. 15
1.4  Significance and purposes of the reseach ……………………………… 17
Chapter two 
Study of secondary metabolites from streptomyces sp. A2……….. 19
2.1  Background ………………………………………………………………… 19
2.2  Materials and methodes…………………………………………………..  19
2.2.1  Materials………………………………………………………………….. 19
2.2.2  Methods……………………………………………………………….. … 22
2.3  Results analysis……………………………………………………………. 26
2.3.1 Isolation for actionomycetes from Trewia nudiflora and screening for 
bioactive strain……………………………………………………………………. 
27
2.3.2  Study of secondary metabolites from Streptomyces sp. A2 of Trewia 
nudiflora …………………………………………………………………………… 
28
2.3.2.1  First fementation and isolation from Streptomyces sp. A2………… 28
2.3.2.2  Second fementation and isolation from Streptomyces sp. A2…….. 31
2.3.2.3  Structure identification of compounds ………………………………. 39
2.3.4  Coculture of streptomyces sp. A2 with callus of Trewia nudiflora….. 42
2.3.5  The effecs of chemical component of seeds of Trewia nudiflora on 
activitvies of microbs……………………………………………………………. 
43
2.4  Summary of chapter two………………………………………………….. 45
Chapter three  
study on secondary metabolites from Streptomyces sp. XM201 
and Streptomyces nanchangensisn. sp mutation strain △M …….. 47















3.2  Materials and methodes ………………………………………………….. 47
3.2.1  Materials…………………………………………………………………... 47
3.2.2  methods………………………………………………………... ………... 48
3.3  Results analysis …………………………………………………………... 49
3.3  Fermentation ,isolation and sructure elucidation of Streptomyces sp. 
XM201…………………………... ………... ………... ………... ………............ 
49
3.3.1.1  Isolation and purification ………………………………….. ………... 49
3.3.1.2  Structure identification …………………………………….. ………... 52
3.3.2  Isolation and identification of pJTU813/△asm25 Streptomyces sp. 
XM201……………………………………………………………………………... 61
3.3.2.1  Isolation and purification ………………………………….. ……….... 61
3.3.2.2  Structure identification……………………………………………….... 63
3.3.3  Bioactivities study of polyether………………………………………..... 65
3.3.4  Isolation and structure identification of Streptomyces 
nanchangensisn. sp mutation strain △M……………………………………... 69
3.3.4.1  Isolation and purification……………………………………………... 69
3.3.4.2  Structure elucidation………………………………………... ………... 71
3.5  Summary of chapter three………………………………………………... 73
3.5.1  Effects of different media on production of microbes………………... 73
3.5.2  Preview of geldanamycin compounds………………………………..... 74
3.5.3  Preview of polytethers………………………………………... ………... 75
Feference………………………………………...…………………….. 79


































摘  要 
 3








中分离到 7 株内(共)生放线菌 A2、A3、A4、A5、A6，A7、A9。对抗橙色青霉
活性较好的菌株 A2 进行了 16S rDNA 序列分析及形态鉴定，确定为
streptomyces sp.，对其进行 2 升平板发酵和化学成分分析，经液相色谱-质谱
(LC-MS)检测到含氯特征峰，保留时间与美登木素一致；经大量发酵 18 升，分
离纯化、鉴定了 5 个化合物，分别鉴定为 (+)Nonactic acid, homononactic acid, 
macrotetrolide, 1-acetate- 4-hydroxy- Benzeneethanol,  
5-Methyl-6-acetylresorcinol； 但未分离和检测到含氯的特征峰。 
本论文还对一株土壤链霉菌Streptomyces sp.XM201和产南昌霉素吸水链霉
菌突变体△M 的次级代谢产物进行研究。从 Streptomyces sp.XM201 的 YEME
平板发酵物中分离 5 个聚醚类化合物，分别鉴定为 nigericin，30-acetyl nigericin，
1-O-methyl-30-acetyl nigericin, 1,29-O-dimethyl-30-acetyl nigericin(新化合物), 
29-O-methyl abierixin (新化合物 )；从 pJTU813/△asm25 Streptomyces 
sp.XM201 突变株 YEME 液体发酵产物中分离鉴定了 2 个化合物：Lebstatin，
17-O-demethyl-lebstatin。从产南昌霉素吸水链霉菌突变体△M 的发酵产物中分
离鉴定了 1 个化合物：4’-O-demethyl nanchangmycin。 
对 nigericin 及其系列化合物分别进行了生物活性测试。对金黄色葡萄球菌
(S.aureus ATCC25923)、大肠杆菌 CMCC44103(E.coli CMCC44103)、腊质芽
孢杆菌(B. cereus 1126)、白色假丝酵母 AS2.538(C. albicans AS2.538)的活性测
定表明，nigericin 和 30-acetylnigericin 二者有强的抗金黄色葡萄球菌的活性，
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大的影响，当 nigericin 和 30-acetyl nigericin 浓度为 1μg /ml 时，大肠杆菌和腊
质芽孢杆菌的再生克隆数均小于 20; 但他们对革兰氏阴性细菌和真菌都没有活
性。同时，MTT 法测定了 nigericin 对人肝癌细胞 HEPG-2 的活性， IC50为 
0.36μg /ml。活性测定结果提示: C30 位的羟基可能与离子转运无明显相关； 
nigericin 的 C1 位羧基是离子转运所必需的。 
通过对滑桃树共生菌 streptomyces sp. A2 的两次发酵产物的分离结果表明，
尽管在大量发酵产物中并未分离到美登木素类化合物，LC-MS 检测结果不排除
streptomyces sp. A2 有产生美登木素类化合物的潜能，有待通过进一步的实验
来验证。 




















Actinomycetes have a distinguished advantage in the field of antibiotics: 
about 75% of antibiotics are produced by actinomycetes of which 75% are 
produced by streptomyces sp.  Most antibiotics from soil streptomyces are 
still used widely.  To solve the problem of microbes’ resistance, it is urgent to 
discover new antibiotics from microbes.  Besides soil streptomyces, other 
sources of microbes should be taken into account.  Because of their particular 
living environment, endophytes have produced special metabolites with 
unusual chemical structure and have been the important source of microbe 
secondary metabolite. 
In this study, Trewia nudiflora, an arboreal found in the tropical rain forest of 
Yunnan Province, was chosen as experimental material.  Seven 
actinomycetes were isolated from the seeds of T. nudiflora.  A2 was identified 
as streptomyces sp. according to morphological character and 16s rDNA 
analyses.  The strain was cultured on plates up to 2 liters, the extracts were 
analyzed by LC-MS and the chloride-containing peaks were observed with the 
characteristic of  [M]+: [M+1]+:[M+2]+=3: 1: 1. It had the same retention time 
with maytansin. For further research, the strain was cultured on plates up to 18 
liters, five compounds were isolated, and their structures were elucidated as 
(+)nonactic acid，homononactic acid and macrotetrolide, 1-acetate- 4-hydroxy- 
benzeneethanol, 5-Methyl-6-acetylresorcinol ,but no chloride-containing peaks 
were detected. 
Streptomyces sp. XM201 were cultured on YEME media. The extract was 
isolated and 5 compounds were purified, and their structures were identified as 
nigericin, 30-acetyl nigericin, 1-O-methyl-30-acetyl nigericin, 
1,29-O-dimethyl-30-acetyl nigericin, 29-O-methyl abierixin.  Lebstatin and 















sp.XM201.  4’-O-demethyl nanchangmycin was isolated from Streptomyces 
nanchangensis n. sp. Yan et Ouyang ⊿M. 
The bioactivities of nigericin and it’s derivatives were also studied.  In the 
serial dilution assay, nigericin and 30-acetyl nigericin showed strong activities 
against Staphylococcus aureus ATCC25923 and Bacillus cereus 1126, and 
their MIC were 0.125μg /ml and 0.125μg /ml, respectively. No inhibitory 
activities were observed against Candida albicans AS2.538 and 
Escherichia.coli CMCC44103 at the concentration of 25 μg /ml.  nigericin and 
30-acetyl nigericin showed distinguished effects on the regeneration clones of 
B.cereus 1126 and E.coli CMCC44103 at concentration of 1μg /ml, whereas 
1-O-methyl-30-acetyl nigericin, 1,29-O-dimethyl-30-acetyl nigericin and 
29-O-methyl abierixin did not. The cytotoxic activity of nigericin was tested with 
HEPG2 cell line with the IC50 value as 0.36μg /ml. The results of activities 
suggested that C30-hydroxyl has no obvious correlation with activity, but 
C1-carboxylate is necessary for nigericin.  
From the endophyte Streptomyces sp. A2, four products were isolated from 
the second of two fermentations. However, maytansinoids were not detected in 
the second fermentation; it is not certain whether streptomyces sp. A2 
produces maytansinoids. Further study may answer this question. 
Nigericin and its derivatives have been isolated from YEME media 
fermentation of Streptomyces sp.XM201, and the bioassays for their  
structure-activities relationships will give more information to understand the 
complex structure and physico-chemical requirements for antibiotic activities. 
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第一章   前 言 
1.1 研究背景 
天然产物在药物的发现和发展的过程中发挥了重要的作用[1]。据美国调查机
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的基内菌丝和气生菌丝。 
1943 年，美国科学家 Waksman 从放线菌中发现链霉素，给当时被视为不治
之症的结核病人带来了福音，造就了放线菌的研究和抗生素的蓬勃发展。后来又
陆续从放线菌中发现了新霉素(1949 年)、土霉素(1950 年)、红霉素(1952 年)、
四环素(1953 年)等[8]。对放线菌研究使得更多的有用的天然产物不断被发现和报
道，从诺卡氏菌属中分离到的 Brasilidine A， 属于吲哚生物碱，带有独特的共
轭三烯和乙氰单元，在体外表现出抗多种肿瘤细胞的活性，该化合物还具有抗革
兰氏阳性菌和多种真菌的活性，尤其是对曲霉(Aspergillus niger)和分枝菌属

















图 1-1 化合物 Braslidine A 的结构 
资料来源：Juńichi Kobayashi, Masashi Tsuda, Akira Nemoto et al. Brasilidine A, a New Cytotoxic 



























































A , R    =   H; B,R=






          
图1-2 放线菌产生的具有抗菌活性的化合物结构 
资料来源：a：Tripikumar Mukhopadhyay, S.R.Nadkani, M.V.Patel et al. Maclafungin, a New Antifungal 
Macrocyclic Lactone from Actinomycete sp.Y-8521050.[J]. Tetrahedron, 1998, 54 : 13621-13628.; b: 
Nancy Nichols and Bonifacy . The Structures of Two Naphthoquinone Pigments from an 
Actinomycete'.[J]. Wieclawek Gerber and Wieclawek, 1965, 31:1496-1498.; c:Triptikumar 
Mukhopadhyay, S. R. Nadkarni, R. G. Bhat et al. Mathemycin B, a New Antifungal Macrolactone from 
Actinomycete Species HIL Y-8620959.[J]. J. Nat. Prod. 1999, 62: 889-890. 
 
放线菌除了能够产生具有抗菌和抗肿瘤活性的物质外，还可以产生一些‘非抗
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到的Kifunensine，能抑制α-甘露糖苷酶，可能具有免疫调节的功能[14]； Pteridic 





































pteridic A b pteridic B b  
图1-3 来自放线菌的一些其他活性化合物的结构 
资料来源：a: Hiroshi Kayakiri, Shigehiro Takase, Toshihiro Shibata, et al . Structure of Kifunensine, a 
New Immunomodulator Isolated from an Actinomycete.[J]. J. Org. Chem, 1989, 54: 4015-4016.; b: 
Igashi.Y, Iida. T, Yoshida.R, Furumai.T. Pteridic Acids A and B, Novel Plant Growth Promoters with 
















































R=O          R1=H              Factor A a    MW 643
R=O          R1=NH2          Factor B a     MW 658















Pyrrolosine b  
图1-4 化合物GE81112 factor A,B,B1,C和pyrrolosine的结构 
资料来源：a：Letizia Brandi, Ameriga Lazzarini, Linda Cavaletti. Novel Tetrapeptide Inhibitors of Bacterial 
Protein Synthesis Produced by a Streptomyces sp [J]. Biochemistry, 2006, 45: 3692-3702.；b：Susumu 
Ikegami, Haruhiko Isomura, and Noboru Tsuchimor. Structure of Pyrrolosine: A Novel Inhibitor of RNA 
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